THIS ARTICLE EXAMINES THE EFFECTS OF composition length, familiarity, and likeability-as well as the location of performance errors-on the process of forming performance quality ratings. Five piano works by Chopin and a twentieth-century composer were chosen to vary by length and familiarity. Three of these pieces were then manipulated to contain performance errors in the opening material, and two of those the same error at the recapitulation. Forty-two musicians provided continuous quality evaluations and final quality ratings of the performances, hearing one version of each piece. The results showed that familiarity had no effect within works of a well-known composer, but times to first and final decision were significantly extended for an unfamiliar work of an unfamiliar composer. A shorter piece led to a shorter time to first decision. An error at the beginning of a performance caused a shorter time to first decision and lower initial and final ratings, where the same error at the recapitulation did not have a significant effect on the final judgment, despite causing a temporary negative drop. These findings demonstrate how evaluators' knowledge of a work can affect their rating process and the importance of making a strong first impression in performance.
. The role of evaluators has also been scrutinized in terms of their reliability (Wapnick et al., 2005; Wesolowski, Wind, & Engelhard, 2015) , their knowledge of the performer (Duerksen, 1972; Kroger & Margulis, 2017) , and the validity of the rubrics used (Thompson & Williamon, 2003; Wesolowski, 2017) . Recent research is beginning to examine the temporal processes by which these assessments are formed (Himonides, 2011; Thompson, Williamon, & Valentine, 2007; Waddell & Williamon, 2017b ) and the points in time when decisions are made, changed, and concretized. The present study examined this process by experimentally manipulating four representative factors hypothesized to interact with the temporal process of quality judgement: the general length, familiarity, and likeability of presented works, and the location of performance errors.
Length is a fundamental feature of any composition and provides an easily quantifiable differentiatora work may be said to be two, five, or one hundred times longer than another-while mode, expressivity, or difficulty, for example, are not so easily quantified. Of course, the tempo of an interpretation may alter the length of a performance, but the repertoire itself determines the baseline. The length of an excerpt used in research settings is often not varied or questioned, although studies by Wapnick and colleagues found that excerpts of differing lengths were rated differently. In a first study (2005) , two groups of participants rated recordings of 19 classical music excerpts 20 or 60 s long. Length condition was randomized within each group and counterbalanced between groups. Participants were not informed in advance of the length of each recording. The results showed that the longer excerpts received significantly higher and more consistent ratings, measured as differences in group standard deviations. In a subsequent study by Wapnick, Campbell, SiddellStrebel, and Darrow (2009) , participants were given 25-, 55-, or 115-s excerpts of performances, again rating the longer two excerpts significantly higher than the 25-s excerpt. The researchers varied certain visual characteristics, finding that attractiveness, sex, dress, and stage behavior produced conflicting effects for different lengths of excerpt, such as dress affecting men's ratings of the 25-and 115-s but not the 55-s excerpts. Overall, these studies highlight variation in the evaluation process depending on the length of the task, although they did not examine these effects with full-length compositions or in situations where participants knew in advance the length of time they had to make their decisions.
Outside the musical domain, research has suggested that the total time to determine an applicant's suitability in interviews is mediated by the predetermined length of the interview (Buckley & Eder, 1988) . One such study demonstrated that participants viewing video-recorded interviews of approximately 15 minutes took longer to reach a final decision if they were first informed that the session would take 30 minutes (Tullar, Mullins, & Caldwell, 1979) . Crucial to the method was the participant's knowledge (though faulty) of the interview length prior to its beginning. Thus, in a musical context, the length of the excerpt would need to be explicitly stated before its presentation for an accurate comparison; in a range of settings, from listening live in concert and examinations to listening to recordings, it is not uncommon for timing information to be available to the listener.
Familiarity with the work takes into consideration the knowledge of the evaluator. Indeed, the very definition of a musical expert in evaluation settings usually includes knowledge of common repertoire or experiences of engaging with new repertoire. Such a connection makes sense: evaluators who are aware of the framework on which the interpretation is to be made are, in theory, primed for the information that is to be presented to them and have a standard to which they can compare variances in individual interpretations. In line with this, Kinney (2009) found that evaluators' familiarity with a work improved their internal consistency when forming quality judgments of performances of that work. In terms of the temporal aspects of decision making, one could hypothesize that familiarity with a work would decrease the time to the first and final judgment, as less effort would be needed to understand and process the nature of the work being presented and thus the attention could be shifted to the quality of the performance itself. However, another advantage of familiarity could be increased awareness of the structure of the work, including perhaps the points at which the most technically challenging and musically defining moments will take place. One could then hypothesize that familiarly would increase the time to a final judgment, as evaluators would delay their decision until the expected points of interest arrived. This would be specific to the work and the points which the particular evaluator considered of interest. Such hypotheses have not yet been investigated, but a continuous measures methodology would allow for the relationship to be examined directly.
Related to familiarity is the concept of the likeability of a work-that is, does the evaluator have an inherent preference for the composition itself? While every listener (and evaluator) is entitled to such preferences, it would be problematic if they were to interfere with the evaluative process if it were taking place in educational or competition contexts. Research specifically examining the relationship between performance quality rating and preference for the work is lacking. It is generally assumed that one's preference for a work is tied closely to one's familiarity with it, although Thompson (2007) found that the two concepts could be separated to some degree in that likeability, but not familiarity, of a work was predictive of enjoyment. The same study also found that performance quality could be separated from affective response, suggesting that the evaluative process may be unchanged despite differences in preference for a work, but such assumptions have not been experimentally tested.
Regarding performance errors, previous studies have examined the ability of musicians of varying experience to detect manipulated ''mistakes'' in recordings. Byo (1993) asked participants to detect errors in recorded excerpts of polyphonic wind band repertoire, manipulated to contain performance errors. Analyses found that listeners were better able to identify rhythmic than pitch errors and improved in identifying both when the instrument timbres were similar across voices. A later study (Byo, 1997) supported these findings, also demonstrating that experience and rating monophonic (versus polyphonic) textures increased error detection rates. Repp (1996) found that listeners detected only 38% of pianists' pitch-based errors, including missing or unnecessarily repeated notes. The nature of performers' errors has also been examined, with research demonstrating that: 1) errors are more likely to be made in the middle of phrases away from structural boundaries (Mishra, 2010) ; 2) the majority of pitch errors in a corpus of Chopin recordings were note omissions, with a significant proportion of errors systematically repeated (Flossmann & Widmer, 2011) ; 3) performers can detect that they are about to perform an error immediately before the motion is executed via electroencephalographic (EEG) event-related potentials (Maidhof, Pitkaniemi, & Tervaniemi, 2013; Maidhof, Rieger, Prinz, & Koelsch, 2009; Ruiz, Jabusch, & Altenmüller, 2009 ); and 4) EEG negative potentials immediately following the perception of an error are more pronounced when performing than when listening (Maidhof, Vavatzanidis, Prinz, Rieger, & Koelsch, 2010) .
Only one study has, to date, examined the effects of errors on temporal quality judgements (Waddell & Williamon, 2017b) . In that project we manipulated a videorecorded performance of a Chopin Etude to include a significant performance error and/or a negative facial reaction to that error. Participants were grouped as musicians and nonmusicians and were asked to rate one of four permutations: no error, aural error only, aural error and facial reaction, and facial reaction only. When the error was accompanied by a facial reaction, participants gave a significantly lower overall rating regardless of their musical experience. However, when the performer did not visibly react to the error, only the musicians showed an immediate reaction in their continuous quality judgments, and this drop recovered to the height of the error-free performance by the end. Our study demonstrated the capacity for a continuous measures methodology to isolate and examine real-time reactions to a performance error and how they are mediated by extraneous variables. A question remains as to whether a mistake at the beginning of a piece is more harmful to one's evaluation than one at the end. Research in interpersonal impression formation would suggest so, as negative first impressions have been found harder to alter than positive ones (Ybarra, 2001 ), yet this is still to be examined in the context of music performance evaluation.
Previous studies have demonstrated that participants form their initial quality judgements within an average of 15 s when rating audio or audiovisual (Waddell & Williamon, 2017b) recordings of standard repertoire, with no correlation found between time to first decision and overall quality rating. Thus, hypothesized increases or decreases in decision time resulting from differences in features of the works themselves were posited based on the existing literature:
(1) Works of lesser familiarity would result in a longer time to first and final decision. This effect would be increased in the case of a work of unfamiliar tonal framework and composer. The direction of the effect of likeability was not hypothesized. (2) A work of shorter length (when work length is known beforehand) would result in a shorter time to first decision.
Regarding the performance errors, two hypotheses were posited:
(3) A performance error inserted at the beginning of a composition would result in a shorter time to first decision. (4) A performance error inserted at the beginning of a composition would result in a lower final rating than the same error inserted part way through the performance.
To test these hypotheses, works of varying length and familiarity were chosen. In addition, a difference in genre (i.e., Romantic versus twentieth-century) and popularity of composer (famous versus relatively unknown) was used to emphasize the familiarity contrast in one of the five chosen works. Performance errors were added digitally to several of the performances, with every effort made to create the impression of live, undoctored recordings. Table 1 . Piloting was undertaken via informal discussions with undergraduate-and graduate-level pianists to confirm that assumptions made concerning familiarity and the choice of endpoint of the twentieth-century piece were valid. MIDI recordings of the Chopin works were used to allow for the controlled insertion of performance errors at strategic points. These recordings were taken from The Classical MIDI Resource, an online repository of openly submitted MIDI recordings that are editor-reviewed for quality and accuracy before being posted for free download. The Eckhardt-Gramatté Caprice was recorded acoustically by a graduate-level pianist, itself requiring no manipulation as it was not a part of the error examination due to its lack of recapitulating material. To ensure that the artificially inserted errors would be both believable and easily perceived, dissonant errors of pitch in a single voice were chosen as they have been shown to be both the most common in piano performance (Flossmann & Widmer, 2011) and the second most easily perceived, after rhythmic errors (Byo, 1993 (Byo, , 1997 . To test the effect of error location, the two familiar Chopin works of the same length (the Etude and Waltz) had also been selected due to the recapitulation of their opening thematic material. Thus, a pitch error in the opening seconds of the performance could be recreated midway through, differing only in temporal location and structural context. To match error type as closely as possible, Logic Pro 9 was used to transpose an arpeggiated figure in the right hand of approximately one bar in length up one semitone in each work, simulating a pianist that had played a brief passage with the hand in the wrong chord position. Three tracks were then created for each of the two works: one with an error at the beginning (error-start), one with an error at the recapitulation (error-recap), and one control condition without an error (no error). An error of the same nature was added to the beginning of the Prelude to test the interaction of opening error and work length. A summary of the variables associated with each work is provided in Figure 1 .
Although MIDI files of piano recordings have been successfully employed in previous studies of music performance evaluation (e.g., Kinney, 2009; Sloboda & Lehman, 2001 ; Thompson et al., 2007; Winter, 1993) , digital enhancement was undertaken to add further realism to the files and to match the recording quality of the contemporary excerpt. Specifically, Logic Pro 9 was used both to realize the MIDI data into audio formats and to add three effects: 1) reverb, to emulate the acoustic of a performance space in a live recording; 2) stereo split, to break the mono output of the MIDI realization into slightly varying signals as one would experience in a true stereo recording; and 3) distortion, applied sparingly to approximate the signal loss inherent to audio recording and dull the overly bright and harsh quality often associated with MIDI recordings. Manipulations of the MIDI data also allowed for the removal of overt performance eccentricities (e.g., occasional over accented, jarring notes or the addition of slight tempo fluctuation in overly metronomic passages, a common characteristic of MIDI recordings). The tracks were then converted to .WAV format, and 4 s of silence were added to the beginning of each to allow for the listeners to prepare themselves after commencing each trial. Informal piloting with graduate-level pianists confirmed that the performances could pass for genuine acoustic recordings. Audio recordings of the 10 experimental stimuli are available as Supplementary Material in the online version of this paper. 
CONTINUOUS MEASURES
Continuous measures methodologies, where participants provide real-time feedback to a stimulus where temporal location of feedback is valuable, have been used in a wide variety of musical contexts (see Geringer, Madsen, & Gregory, 2004 , for a review). The majority of these studies have examined elements of musical expressiveness, arousal, and attention, although several have explicitly examined performance quality ratings (Himonides, 2011; Thompson et al., 2007; Waddell & Williamon, 2017b) . For the present study, the continuous measures data were collected using software developed at the Royal College of Music and used by Thompson and colleagues (2007) . The software comprised a horizontal blue bar onto which the participant moved their mouse pointer when they were ready to register their first judgment and then along which they could move the pointer to increase or decrease continuously their rating as appropriate. The horizontal area was divided into 70 discrete sections, not visible to the participant, while a 7-point scale (1 ¼ ''poor'' to 7 ¼ ''excellent'') was overlaid above the rating area for easy transfer to the written evaluations (see below). Data points were sampled at 2 Hz. The software was presented to each participant on the same Windowsbased laptop with USB mouse and Sennheiser HD 380pro headphones.
WRITTEN EVALUATIONS
Two bespoke questionnaires were used in the study. The first was completed immediately following each trial and assessed the participants' relation to the work and overall evaluation of the performance on 7-point Likerttype scales along several categories: overall quality of the performance (1 ¼ ''poor'' to 7 ¼ ''excellent''), familiarity with the work (1 ¼ ''never heard it'' to 7 ¼ ''extremely familiar''), and degree to which they like the composition (1 ¼ ''not at all'' to 7 ¼ ''very much''). The typicality of the performance in relation to others they have heard (if applicable) and the perceived difficulty of the work to perform was also measured on 7-point scales. Participants were encouraged to provide comments concerning each performance. The second questionnaire, completed at the end of the study, elicited background information on music training and listening preference by musical genre: Baroque, Classical, Romantic, and twentieth-century, each measured on a 7-point scale.
The questionnaires can be downloaded in the Supplementary Material that accompany the online version of this paper.
PROCEDURE
Participants met the researcher in a quiet room at the Royal College of Music or Imperial College London and were presented with an information sheet and consent form. They were then introduced to the continuous measures software and encouraged to make and record their decisions as instinctively and intuitively as possible, emphasizing that their decisions should be made not on the basis of their enjoyment of the performance but rather on the objective quality of the performance ''as though they were a competition judge.'' A brief (< 20 s) excerpt of a Beethoven piano sonata was used as a test piece, which the participants were allowed to repeat as many times as they wished until they felt comfortable with the input method. Following this, participants were told that they were about to hear several live performances by different undergraduate pianists-as opposed to studio, professional recordings so that the obvious performance errors would not seem implausible-and to rate the performance quality. For each trial, the name of the composer, the name of the work, and the length of the recording was presented orally to the participant. They were then able to start the first recording in their own time, and when it finished, they completed the first questionnaire. This procedure was repeated for each work in a randomized order with a questionnaire following each continuous measurement. Concerning the performance errors, participants randomly heard either the no error, error-start, or errorrecap condition of the Etude and Waltz and either the no error or error-start condition of the Prelude; separate randomization procedures were used for each work. The randomization was established to favor conditions with no error to maximize opportunities to compare performances without such manipulations across the five works. Following the final trial the second questionnaire was presented, and participants were invited to give comments concerning the procedure as a whole. Each session lasted 30-40 minutes. Due to time constraints, 12 of the 42 participants were presented only the three works containing variations in errors (i.e., the Etude, Waltz, and Prelude) following the same randomization procedures described previously. These pieces were emphasized to maximize opportunity for between-groups examination of error placement, as the other 30 participants had rated the Tarantelle and Caprice but only 10 would have rated the no error, error-start, or error-recap versions of the other three works. The final n values for each condition are shown in Figure 1 . These shorter sessions lasted approximately 20 min.
DATA TREATMENT AND ANALYSIS
Data were treated to several operations, primarily following Thompson et al. (2007) and Waddell and Williamon (2017b) , in which three discrete variables were extracted from the full continuous data, along with the quality rating provided in the written comments:
(1) Time to first decision, T 1 : As a brief amount of time was necessary to move the mouse to the desired first rating point, the moment the cursor entered the horizontal bar and data collection began was noted as the initial decision time, T 1 . The continuous measurement ratings were measured from the moment the trial was started, yet the first note was not played until 4 s; therefore, 4 s were subtracted from each score, giving initial ratings made prior to the first note a negative time value. (2) First rating, R 1 : The first point at which the participant maintained a stable rating of at least 2 s was taken as the first rating. (3) Final rating, R 2 : The final continuous score reported formed the final rating. (4) Overall rating, R 3 : The overall written score provided in the questionnaire on a scale of 1-7. When comparisons were made directly with continuous ratings, R 1 and R 2 were converted from 70-point to 7-point figures as per Thompson et al. (2007) .
Three general approaches were taken to the analyses, requiring careful selection of subgroups and tests necessitated by the complex nature of the experimental setup. For analyses of scores that would not be affected by the presence of errors in the performance (i.e., familiarity and likeability), 5 x 2 factorial repeated-measures ANOVAs were conducted among the 30 participants who had rated a version of all 5 trials. For analyses of scores affected by the presence of an error (e.g., T 1 , R 1 , R 2 , R 3 ), comparisons could only be made between participants who had heard an error-free version or, in measuring time to (T 1 ) or rating at (R 1 ) the first decision, between participants who had heard the error-free version or the error-recap where the error took place after first decisions had been recorded. Between-groups analyses of the error conditions were conducted using factorial ANOVAs. Planned repeated contrasts and t-tests were used to examine the four hypotheses as appropriate. Where Mauchly's W indicated a violation of sphericity (p < .05), Greenhouse-Geisser corrections are reported.
Results
The first section of analyses examines familiarity and likeability levels of each of the works to validate assumptions of familiarity made in work selection and to define groupings for between-groups comparisons. This is followed by repeated-measures examinations of the five works to determine effects of familiarity, likeability, and composition length on time to first decision (T 1 ), final continuous rating (R 2 ), and overall written rating (R 3 ). Between-groups analyses are then used to determine effects of the error placement within the Etude, Waltz, and Prelude on the rating profile, and examine differences in the rating profile between the relatively unfamiliar Tarantelle and completely unfamiliar Caprice. The final section examines the influence of participants' perception of the difficulty of the works, musical experience, and listening preferences on the rating process.
PRELIMINARY ANALYSES: ESTABLISHING FAMILIARITY AND LIKEABILITY
The first stage of analyses involved defining reported familiarity and likeability levels of each of the works. As participants rated familiarity and likeability regardless of assigned error condition (and as they were asked to rate opinions of the composition itself, not of how it was performed), analyses could be conducted between all 30 participants who rated the five works. Table 2 shows descriptive values for the two dimensions, including correlations for each piece (using Kendall's tau due to the smaller sample size and large degree of tied ranks). While a matching overall trend from high to low familiarity and likeability can be seen across the compositions (see Figures 1 and 2) , correlations between each pair varied across the pieces, with only the Etude and Prelude showing significant medium correlations between the two items. For the remaining three works, familiarity with the work was not necessarily indicative of the degree to which participants liked the piece. The low mean familiarity score and standard deviation (where a response of 1 indicated that the participant had never heard the work) for the Caprice resulted from the fact that 28 of 30 participants had indicated that the work was entirely unknown to them. To examine overall trends, a 5 x 2 factorial repeatedmeasures ANOVA was conducted with work (Etude, Waltz, etc.) and rating construct (familiarity and likeability) as within-subjects variables. The ANOVA was followed by planned repeated contrasts in which the mean of each score was compared with that of the next (i.e., A versus B, B versus C, C versus D, D versus E). This was done as the works were chosen with a hypothesized pattern towards descending familiarity from the Etude to the Caprice and as likeability was predicted to follow a similar trend across the five works, both of which were confirmed by the descriptive values. A significant main effect of work was found, F 3.06,88.61 ¼ 34.53, p < .001, η 2 ¼ .29, resulting from the descending familiarity and likeability scores moving from the Etude and Waltz to the Caprice (see Table 2 ). The repeated contrasts showed that the descent was not uniform, however, with significant differences of familiarity and likeability (when combined) Figure 2) . A significant main effect of rating construct was found, F 1,29 ¼ 55.24, p < .001, η 2 ¼ .18, where likeability scores were generally higher than those of the familiarity scores. These differences between constructs were not uniform, highlighted by the significant interaction between piece and construct, F 3.11,90.16 ¼ 22.00, p < .01, η 2 ¼ .08. Once again, the planned repeated contrasts demonstrated that these interactions were only significant between the Waltz and Prelude, F 1,29 ¼ 24.14, p < .001, r ¼ .67, and between the Tarantelle and Caprice, F 1,29 ¼ 4.38, p < .05, r ¼ .36.
Together, these two sets of contrasts demonstrate three distinct groupings between familiarity and likeability scores in which the works were rated similarly: the Etude-Waltz pair, the Prelude-Tarantelle pair, and the Caprice (see Figure 2) . The Etude-Waltz pair showed significantly higher scores overall (as demonstrated above) with no significant differences between familiarity and likeability, tested with multivariate simple effects tests using the estimated marginal means. The Prelude-Tarantelle pair showed lower overall familiarity and likeability, although both showed significantly higher familiarity scores than likeability scores with nearly identical effect sizes (F 1,29 ¼ 44.43, p < .001, r ¼ .78; F 1,29 ¼ 44.85, p < .001, r ¼ .78). Finally, the Caprice showed the lowest familiarity, with a significantly higher likeability score than its familiarity score (F 1,29 ¼ 124.73, p < .001, r ¼ .90).
With the Etude-Waltz, Prelude-Tarantelle, and Caprice familiarity/likeability groupings established, these were used for the basis of repeated-measures comparisons to test the relationship between familiarity/ likeability and the time to first decision (T 1 ) as posited in hypothesis 1. Furthermore, the Prelude-Tarantelle Three distinct groupings appeared: the Etude-Waltz pair showed high familiarity with no significant difference in likeability scores; the Prelude-Tarantelle pair showed significantly lower overall scores with significantly lower familiarity ratings than likeability ratings; the Caprice showed the lowest familiarity (approaching the minimum possible) with a significantly higher likeability score. Error bars show þ/-1 SE. * ¼ p < .005, as tested using planned repeated contrasts in which the mean of each combined familiarity/likeability score was compared with that of the next. grouping provided an opportunity to compare works of differing lengths while maintaining a consistent familiarity/likeability profile. This allowed for a direct examination of hypothesis 2, which predicted a decrease in time to first rating (T 1 ) for a work of shorter length. Correlations (Kendall's tau) between time to first decision (T 1 ) and the first (R 1 ) and overall (R 3 ) ratings were conducted for each of the five works to test the assumption that any significant differences in time to first ratings were due to the nature of the works and not simply a result of differences in the perceived quality of the individual performances. Correlations remained very low (< .20) and nonsignificant across the 10 tests, supporting this assumption and in line with previous findings (Waddell & Williamon, 2017b) .
HYPOTHESES 1 AND 2: REPEATED-MEASURES EFFECTS OF FAMILIARITY, LIKEABILITY, AND LENGTH ON TIME TO FIRST DECISION (T 1 )
To examine the effect of condition on the time to first decision (T 1 ), a repeated-measures ANOVA was calculated between the five works among the 11 participants who had rated all five performances without an error at the beginning. Despite the small sample size, a significant main effect of condition was found, F While the small sample size afforded by the 5-group (n ¼ 11) test had enough power to reveal the relatively large difference between the Caprice and the remaining works, with participants taking on average twice as long to register their first judgment, the nature of the experimental setup allowed for larger sample sizes in focused comparisons. Hypothesis 2 suggested that the shorter Prelude would result in shorter time to first decision than a work of equal familiarity, which was above demonstrated to be the Tarantelle and could be tested with a higher degree of power as 16 participants rated both the Tarantelle and the error-free version of the Prelude. This hypothesis was confirmed with a oneway related-samples Wilcoxon signed-rank test, Z 16 ¼ 1.66, p < .05, r ¼ .28, with first decisions for the Prelude taking a mean 10.83 s (median ¼ 7.75, SD + 7.70) and for the Tarantelle a mean 13.38 s (median 10.25, SD + 7.74). For comparison, a similar test run between groups of similar familiarity (the Etude-Waltz pair) showed no significant difference, despite an even greater availability of matched pairs (n ¼ 20) and the corresponding increase in power.
Correlations between each of the familiarity scores for the Etude, Waltz, Prelude, and Tarantelle and their respective times to first decision (T 1 ) were tested using Kendall's tau; the Caprice could not be tested as only 2 of the 30 participants indicated they had ever heard the work. R values were low (< .10) and none approached significance, further suggesting a lack of relationship between familiarity and time to first decision among the stylistically familiar Chopin works. Examination of the likeability scores (which included the Caprice) also showed no significant correlations between how much one liked the work and the speed with which a first rating was made. for the five works. The Caprice resulted in a significantly longer time to first decision than the four stylistically similar works of Chopin in a repeated-measures comparison of 11 participants. * ¼ p < .05 as tested using planned repeated contrasts in which each time was compared with that of the next. A further test between works of equal familiarity but differing length--the Prelude and Tarantelle--with n ¼ 16 found a significantly lower time to first decision for the shorter Prelude (27 s in length) versus the Tarantelle (156 s in length). ** < .05 as tested using a Wilcoxon signed-rank test. Error bars show þ/-1 SE.
Overall, these analyses revealed a significant effect of work on the time taken to form a first decision. Participants rating the Caprice took significantly longer to form their first judgments, due perhaps to the unfamiliarity of the piece and its composer. This relationship between familiarity and decision time was not reflected among the stylistically similar Chopin works, although a significantly faster time to first decision was demonstrated within the shorter Prelude.
COMPARISONS OF THE FINAL RATINGS (R 2 AND R 3 )
Direct comparisons of the final ratings in this study are complicated by the experimental setup, in which very few (3) participants heard no error (i.e., uncontaminated) versions of all five works. While such comparisons were not the primary focus of the study due to its focus instead on the decision-making process, two of interest could be made: 1) whether final continuous scores (R 2 ) were representative of the final written ratings (R 3 ); and 2) individual correlations between familiarity, likeability, and the final scores within each work.
For the first comparison, the R 2 scores were converted to a 7-point scale as described in ''Data treatment and analysis'' allowing for direct comparison with R 3 . A 5 x 2 factorial repeated-measures ANOVA was then calculated with work and rating condition (converted R 2 versus R 3 ) as within-subjects factors. A significant main effect of work was found, F 4,112 ¼ 6.18, p < .001, η 2 ¼ .16, where final scores increased from the Etude as the lowest to the Caprice as the highest (see Table 3 ), unsurprising as these ratings included versions of the Etude, Waltz, and Prelude that contained performance errors. Crucially, no significant main effect of rating condition was found, or any significant interaction between work and rating condition. This suggests that the final continuous ratings (R 2 ) were reflected in the overall written scores (R 3 ) across all works, supporting the use of continuous ratings as an adjunct for standard written rating procedures and for using R 2 scores to examine the effects of error placement on final scores.
Correlations were tested between each of the familiarity and likeability scores for each of the works (again, correlations could not be checked with familiarity for the Caprice) and their respective final continuous ratings (R 2 ) using Kendall's tau. The strongest correlation, and the only one to reach significance following a Bonferroni correction for multiple comparisons, was a medium correlation between likeability and final continuous score for the Caprice (r ζ ¼ .46, p < .01). A linear regression between the two variables produced a significant model, F 1,27 ¼ 9.76, p < .005, R 2 ¼ .27, b ¼ 3.10, wherein an increase of one point on the 7-point likeability scale predicted a 3.1-point increase on the 70-point final continuous rating (see Figure 4 ).
HYPOTHESIS 3: BETWEEN-GROUPS EFFECTS OF THE ERROR ON TIME TO FIRST DECISION (T 1 )
In the cases of the Etude, Waltz, and Prelude, listeners were randomly assigned to a condition with no performance error (no error), a performance error in the opening seconds (error-start), or in the case of the Etude and Waltz, that same performance error at the recapitulation of the opening material (error-recap). This randomization was not consistent for each work; a participant hearing a no error version of the Etude, for example, may have heard a start-error version of the Waltz. Thus, direct repeated-measures comparisons were not possible. Instead, the data offered the opportunity for an effective replication of the test with the same sample but a new stimulus and different randomization.
Hypothesis 3 predicted that the time to first decision (T 1 ) for a performance would be lower in conditions with an error at the beginning when compared with those without. Thus, one-way ANOVAs were conducted for the Etude and Waltz with error condition (no error, error-start, and error-recap) as a between-subjects factor and T 1 as the dependent variable. These were followed by planned simple contrasts where each error condition was compared with the no error control. For the Etude, while no main effect of error condition was found, the contrast showed that the mean 6.36 s (SD + 3.43) to the first decision in the error-start condition was significantly shorter, t 39 ¼ -8.85, p < .05, d ¼ .72, than the mean 15.21 s (SD + 17.11) in the no error control condition (see Figure 5A ). This finding was replicated in examining the Waltz; the main effect of error condition was nonsignificant, but the contrasts again showed the mean 7.69 s (SD + 4.94) to an errorstart first decision was significantly shorter, t 39 ¼ -13.51, p < .05, d ¼ .63, than the 21.21 s (SD + 29.78) in the no error control condition (see Figure 5B ). No significant differences were found between the error-recap conditions and the no error control in either work. As the Prelude was the shorter work, only two conditions (no error and error-start) existed and required testing. However, to maintain consistency in alpha inflation, ANOVA was also used to examine differences between the conditions. No significant main effect was found (see Figure 5C ), influenced perhaps by the fact that the shorter length of the work already reduced times to first decision in the Prelude condition. Overall, these results support hypothesis 3; participants made their first decisions more quickly when an error was present in the opening seconds.
HYPOTHESIS 4: THE EFFECTS OF THE ERRORS ON FIRST AND FINAL RATINGS AND CONTINUOUS RATING PROFILE
The same approach as above could be taken for analyses of the rating profile, treating the Etude and Waltz as replications of the same study with different randomization procedures. In this case, tests examined differences between first (R 1 ) and final (R 2 ) ratings-as the analyses above demonstrated that R 2 scores were representative of the final R 3 written scores-and how they were affected by the presence of errors. For the Etude and Waltz, differences in the overall rating profile were tested with a mixed 2 x 3 ANOVA in which the first and final ratings (R 1 and R 2 ) served as the within-subjects variable and the 3 error conditions (no error, error-start, and error-recap) the between-groups. A planned simple contrast was used to determine group differences between the error conditions in which the error-start and error-recap conditions were compared with the no error control. In the case of the Etude, no significant repeatedmeasures effect was found, although a significant main between-groups effect of error condition was demonstrated, F 2,39 ¼ 4.78, p < .05, η 2 ¼ .20, as was a significant interaction between rating and error condition, F 2,39 ¼ 3.38, p < .05, η 2 ¼ .14. As can be seen in Figure 6A , this was due to the general downward trend of the no error and error-recap conditions and the upward trend of the error-start condition. The simple contrast confirmed that, while the error-recap performance did not differ significantly from the no-error performance in terms of first and final ratings, the performance with an error at the beginning did, t 39 ¼ -11.83, p < .05, r ¼ .88, prompting first ratings (M ¼ 28.00, SD + 13.81) well below those of the standard performance (M ¼ 42.71, SD + 11.56) and concluding with a narrower but still significant gap (M ¼ 36.57, SD + 16.40 versus M ¼ 45.53, SD + 13.98). Thus, when the error was placed at the beginning of the work, the evaluators penalized the performer with a significantly lower rating that did not recover to no error levels by the end of the performance. In the case of the performance with an error part way through, the continuous measures data revealed a sharp drop in ratings immediately following the missed notes, but interestingly, this deficit was ''forgiven'' by the end of the work (see Figure 6A) , with no significant difference in the final score. An observer seeing only the final ratings would have no indication that an error had been made.
An analysis of the Waltz replicated the overall finding but did so under different circumstances. While the between-group analyses again showed a significant difference of error condition, F 2,39 ¼ 4.35, p < .05, η 2 ¼ .18, there was in this case an additional main FIGURE 6. Continuous rating profiles of the no error, error-start, and error-recap conditions for the Etude and the Waltz, showing mean ratings at 10-s intervals. In both cases, the error-start condition resulted in a significantly lower first (R 1 ) and final (R 2 ) rating than the no error control. The errorrecap condition resulted in a noticeable drop at the point of the error--between 60 and 70 s in the Prelude and 80 and 90 s in the Waltz--that recovered by the end of the performance, resulting in a final score (R 2 ) not significantly different from the no error control. Error bars show þ/-1 SE.
repeated-measures effect of first-to-final rating, F 1,39 ¼ 10.45, p < .005, η 2 ¼ .20, and no significant interaction. The reason for this reverse of significant main and interaction effects can be seen in Figure 6B where all three conditions show a similar upward trend for the Waltz in contrast to the converging lines of the Etude (see Figure 6A ) and thus show a significant overall increase in rating across the performances of the Waltz. However, the error-start condition once again lay significantly lower than the standard performance, confirmed by a significant difference from the standard condition shown by the simple contrast, t 39 ¼ À12.10, p < .01, r ¼ .89, with lower first ratings (M ¼ 24.92, SD + 12.10 versus M ¼ 38.77, SD + 8.67) and final ratings (M ¼ 33.69, SD + 15.25 versus M ¼ 44.06, SD + 9.87). As with the Etude, the version of the Waltz with an error midway through, despite again causing an immediate drop in rating at the point of the mistake, did not differ significantly from the standard performance in terms of first or final ratings (see Figure 6B ).
Regarding the Prelude, no significant main effects of rating or condition, or interactions between them, were found as a result of the error at the start. This mirrors the previous section, where the error also failed to affect time to first decision in the Prelude despite a significant effect within the Etude and Waltz. This suggests that the error itself may not have been dramatic enough to cause a reaction in the Prelude. For the Etude and Waltz the results are clear: an error in the opening material caused a shorter time to first decision and a lower initial rating that never fully recovered, where an error midway through caused a temporary drop that was not significantly reflected in the final ratings.
HYPOTHESIS 1 REVISITED: THE EFFECTS OF FAMILIARITY ON CONTINUOUS COMPARISONS OF THE TARANTELLE AND CAPRICE RATING PROFILES
As 30 participants provided continuous ratings of both the Tarantelle and Caprice, and as analyses of time to first decision (T 1 ) demonstrated a different rating process between the two works in the greater amount of time taken to form a first decision, similar continuous analyses could be conducted to further test hypothesis 1, which predicted that familiarity would affect the time to form a final decision. To determine the point at which the cohort reached a final consensus on the two works, scores at 10-s intervals from the beginning of the performance were extracted and analyzed to determine the point at which raters' responses did not differ significantly from their final scores. Repeated-measures ANOVAs were calculated for each work followed by reverse simple contrasts comparing each 10-s mean score with the final, beginning with the interval at which at least 50% of the participants had first reported (thus providing full datasets for analysis): this was the 10-s mark for the Tarantelle (with 15 respondents) and the 20-s mark for the Caprice (with 20 respondents). For the Tarantelle, the overall effect was not significant, although the contrasts showed a significant difference between the final score (M ¼ 49.07, SD + 10.54) and both the 10-s point (M ¼ 43.93; SD + 10.56; F 1,14 ¼ 10.33, p < .001, r ¼ .65) and 20-s point (M ¼ 43.87, SD + 11.11; F 1,14 ¼ 6.43, p < .05, r ¼ .56), with no significant difference from the end from the 30-s point onward. In the case of the Caprice, a significant main effect of the ANOVA was found, F 3.51,66.78 ¼ 9.48, p < .001, η 2 ¼ .33, and the contrast revealed significant differences between the 20-80-s points and the final score, with no significant results following. As can be seen in Table 4 , effect sizes at the cutoff are still moderately strong, but using the significance value as a conservative cutoff, these results suggest a time to final group decision at least 3 times longer in the Caprice than the Tarantelle (see Figure 7) .
CORRELATIONS WITH EXPERIENCE, DIFFICULTY, AND LISTENING PREFERENCES
Further tests were conducted to determine whether years of musical experience, perceived difficulty of the work, typicality of the performance, and listening preference (Romantic when examined against the Chopin works, twentieth-century when examined against the Caprice) correlated with time to first decision (T 1 ) or final continuous ratings (R 2 ). The only significant correlations (after correcting for multiple comparisons across the five works) were between perceived difficulty 
Discussion
The purpose of most music performance quality assessments, whether conducted as part of an audition, recital, competition, or examination, is to determine the quality of the performance and performer. They are not intended to be an assessment of the quality of the work being performed, at least not in most Western classical contexts where the composer and performer of the work are separate entities. Otherwise, music competitions intended to identify a top performer would become repeating debates over the relative merits of Mozart and Haydn or of Beethoven's Op. 110 and 111. We questioned this assumption, examining how qualities related to the repertoire-such as its length, familiarity, and likeability-affected the process by which assessments are formed. We also examined the nature of performance errors, and whether an error placed at the beginning of the performance had the same effect as the same error placed midway through the piece. To achieve this, trained musicians evaluated recordings of five works, selected to vary in familiarity and length, using a continuous measures methodology and standard written questionnaires. Furthermore, we manipulated three of the works to create conditions with performance errors at the beginning of the performance, and two of those manipulated again to have errors midway through the performance. The continuous measures approach revealed effects of these variables that could not have been seen in the standard written evaluations which followed, allowing for direct examination of each of four hypotheses. Hypothesis 1 predicted that works of lesser familiarity would result in a longer time to first decision and that this would be exaggerated for a work of unfamiliar tonal structure and composer. This hypothesis was partially confirmed: within performances by a familiar composer (Chopin), relative familiarity and likeability had no effect on or correlation with time to first decision (T 1 ). However, for the unknown work by the unfamiliar composer, the first decision took significantly longer. Furthermore, the rating profile for the Caprice showed that the group took three times longer to settle on their final decisions than they did for Chopin's Tarantelle of equal length and that the likeability of the Caprice showed a medium correlation with the final continuous score (R 2 ).
Hypothesis 2 predicted that a work of shorter length would also result in a shorter time to first decision. This was confirmed, wherein the 27-s long Prelude resulted in a significantly shorter T 1 score compared with the 156-s Tarantelle, which matched in familiarity and likeability ratings. Hypotheses 3 and 4 concerned the placement of performance errors, predicting that an error in the opening seconds of a performance would both reduce the time to first decision and result in a significantly lower final quality rating when compared with a performance with no error or an error in the middle. The continuous ratings confirmed both. Time to first decision was shorter for both the Etude and Waltz when the initial error was present, and while a decreasing trend was seen for the Prelude, it was not significant. For both the Etude and the Waltz, the error-start condition caused a significantly lower first and final rating than the no error control, and the continuous measurement profile demonstrated that the error-recap condition, while not differing from the control in terms of first or final decision, caused an immediate negative reaction to the error that recovered by the end of the performance. No effect of the error on ratings was seen for the short Prelude.
Overall, these results support previous findings that time to first decision takes place within an average window of 15 s when rating audio or audiovisual (Waddell & Williamon, 2017b) recordings of performances of high musical quality. The present results go on to demonstrate that the time to first decision can vary, as Waddell and Williamon (2017b) found when stage entrances judged as inappropriate triggered shorter times to first decision. Here, the unfamiliar nature of the Caprice led to a twofold increase. This could suggest that the listeners needed more time to orient themselves to the work and determine their criteria for assigning performance quality. Alternatively, the unfamiliar nature of the work could have taken attentional focus away from the task at hand. Moreover, a shorter work resulted in a decrease in time to first decision. This supports the findings of Tullar et al. (1979) , who found that the decisionmaking process took longer when assessors were informed that job interviews would be longer. This suggests that assessors accelerate the decision-making process when they are aware that they will have less time to conduct it. Anecdotally, the participants in this study often expressed visible and/or verbal surprise when informed that the work they were about to assess was less than 30 s in length; many seemed aware that this was a relatively rare situation in rating full performances of standard repertoire and perhaps prepared themselves accordingly. Finally, the insertion of an error at the beginning of the performance caused significantly lower times to first decision for the Etude and the Waltz. Thus, participants were more temporally reactive to negative than positive (or at least neutral) information in the opening moments of the performance. That this effect was not replicated within the Prelude could be explained by the corresponding lack of significant effects on the first and final quality ratings; it could be that the error itself was not as easily perceived or considered as serious as the error in the other two works.
The effects of the error on the start and middle of the Etude and Waltz were dramatic, demonstrating that the temporal location of an otherwise identical error matters. This provides strong support of Ybarra's (2001) findings that it is difficult to reverse judges' negative first impressions. In this study, the significantly lower first ratings did recover over time, but never reached the height of the final score in the no error conditions. There are at least two possible explanations for these findings. It may be that the low quality of the opening seconds caused an anchoring effect in the listener, whereby the remainder of the performance was perceived as being of lower quality and was rated as such, with the perceptual effect of the error gradually fading. Alternatively, the listeners may have perceived the quality of the rest of the performance as high as those rating the no error condition, but their moment-by-moment continuous rating represented an overall decision reflecting both the current material and that which has come before it. The lack of a significant difference between final continuous (R 2 ) and overall written (R 3 ) scores in this study supports the latter explanation, as it suggests that an extract of a moment-by-moment continuous rating emulates the same performance-averaging result as provided when a judge is asked to give an overall quality score. This continual comparison is also supported by research examining evaluations of affective experience that show global evaluations can be best predicted by an averaging of extreme peaks in rating and the material in recent memory (e.g., Fredrickson & Kahneman, 1993; Varey & Kahneman, 1992) . Retrospective ratings of pain, for example, have been found to correlate most strongly with the point of highest pain intensity and the intensity during the final stage of the treatment, not reflecting the duration of treatment or accumulated pain ratings (Redelmeier & Kahneman, 1996) . The question remains as to whether, given enough time, ratings of performances with an initial error could eventually recover regardless of their severity. Future studies could examine the effect in pieces of significantly longer length; the classical repertoire offers examples of works that are hours long. They could also examine how the presence of errors in one performance affects the ratings of subsequent performances by the same performer, as participants in this study were informed that they were rating different pianists. The role of musical structure may also be important. Perhaps those hearing the mistake at the recapitulation were more forgiving because they had already heard an example of the performer navigating that exact passage correctly at the beginning of the piece. On the other hand, those hearing the mistake in the introduction did not obviously reward the performer for avoiding the error later on.
The positive correlation between likeability and final quality ratings in the unfamiliar Caprice raises interesting questions about reactions to a completely unfamiliar performance, as the finding was not replicated in the other works where familiarity scores were higher and rating processes (represented by the time to first decision) were unchanged. As this is a correlational finding, the direction of causality can only be speculated upon, although the fact that the finding was not replicated among the more familiar works suggests that it was not the case of participants being unable to separate the constructs of likeability and performance quality or having a third variable (e.g., tendency to provide generally higher responses on the rating scales) influencing both. It may be that, when orienting oneself to an unfamiliar work in an unfamiliar style, one's enjoyment of the work itself influences the interpretation of performance quality. Alternatively, those that felt the work was performed better may have developed a stronger liking for the composition itself. Further work is required with other unfamiliar compositions to determine whether this is a generalizable effect, as well as the direction of causality.
The examination of the errors in the present study focused only on the works of higher familiarity in a recognizable tonal style, in which an error could be easily perceived as a harsh dissonance. This raises questions about the nature and perception of performance errors within a contemporary work that lacks the familiar tonal frameworks of standard Romantic repertoire. It is interesting to note the similarities between the continuous data for the Caprice and those for the Etude and Waltz when the error was inserted at the beginning of the performance. It stands to reason that participants took significantly longer to come to their first decision when rating the Caprice; as discussed above they had to acclimatize to an unfamiliar style. However, when that first decision was eventually made it was established, on average, at a point significantly lower than the final rating, gradually increasing across the length of the performance to reach the highest mean final rating of the five works (see Table 3 and Figure 7 ). This was mirrored in the error-start conditions. While the comparison is cursory in this case, one could hypothesize that participants initially could not determine whether errors were being made and, hearing the repeated extra-tonal dissonances, rated it as though they were. It could also be that the performance was of genuinely lower quality at the beginning, although this would contradict the performer's reported intention and perception of a polished performance throughout and one that was true to the notated score. Interpretation is limited by the fact that only one such composition was investigated in this study. As discussed above, future work should examine whether this effect is generalizable. It should also compare ratings of unknown works with a specialized cohort familiar with its structure, language, and style, either through prior experience or an experimental intervention. A growing body of research has demonstrated the ability of listeners to remember and perceive errors in non-tonal contexts when first given an accurate reference (e.g., Dienes & Longuet-Higgins, 2004; Kuusi, 2015; Ockelford & Sergeant, 2013; Samplaski, 2004) .
While the present study was conducted in laboratory settings with digitally manipulated stimuli, every effort was made to replicate the experience of rating audio recordings of genuine performances as a juror might be asked to do in an audition or competition setting. As such, there are several points of which musicians can take note. The nature of their repertoire, whether its length or its familiarity, can affect the process by which their performances are judged. In particular, unfamiliar works may cause their audiences to take longer to orient themselves to the performance and be more critical in their initial judgments of quality. In addition, the adage that ''first impressions count'' appears to hold true. Performers are well advised to ensure that, if nothing else, the opening seconds of their performances are as prepared and polished as possible. Otherwise, a few misplaced notes could tarnish judgements of the thousands that follow.
